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Recognition of a Nucleic Acid Base by Tryptophan-Containing Peptides:
Spectroscopic Comparison of the Interaction of Trp-Gly-Gly-Glu and
Trp-Gly-Gly-GIn with 7-Methylguanine Base!
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As a part of a study to elucidate the functional difference between Glu and Gln side-chains in terms of the
recognition of guanine base by tryptophan-containing peptides via cooperative stacking and hydrogen-bond pairing
interactions, the binding of 7-methylguanine to Trp-Gly-Gly-Glu and Trp-Gly-Gly-GlIn was examined by fluores-
cence and 'H-NMR methods. Comparison of fluorescence experiments showed a binding preference for Trp-Gly-
Gly-Glu over Trp—Gly—Gly—GIn. The analyses of the downfield and upfield shifts of the C2 amino and N7
methyl protons of 7-methylguanine base showed there was hydrogen-bond pairing of Glu and Gln side chains
with the base and a stacking interaction of the Trp residue with the base, respectively. However, the hydrogen-
bond pairing was more effective in the case of the Glu residue than the Gln residue, indicating the preference of
the carboxyl group over the carbamoyl group to form hydrogen-bond pairing with the guanine base.

Keywords Trp-Gly-Gly-Glu; Trp-Gly-Gly-Gln; 7-methylguanine base; hydrogen-bond pairing; stacking interaction;

fluorescence; 'H-NMR

Selective recognition of a specific nucleotide or nucleic
acid sequence by an enzyme is one of the most basic bio-
logical functions. As part of peptide design studies seek-
ing high selectivity for a ‘target nucleic acid base, the
binding abilities of a series of tryptophan-containing pep-
tides have been investigated by spectroscopic metho-
ds.}2) As a result, it was established that Trp—Gly-Gly—
Glu exhibits the highest selectivity for 7-methylguanine
(m’G) base among the Trp—(Gly),~Glu peptides (n=0—
3),%9 where the intimate coupling of aromatic stacking
and hydrogen-bond pairing interactions plays a very
important role in such a specificity.

Concerning the hydrogen-bond pairing of polar amino
acid side-chains to m’G base, three different types are
possible under physiological conditions (Fig. 1). There-
fore, it would be expected that a peptide such as Trp-
Gly-Gly—GIn would also show the same high selectivity
for m’G base as Trp—Gly-Gly—Glu. However, hydrogen-
bond pairing via the acidic amino acid is generally ob-
served in guanine base recognition by proteins such as
RNase T,,? elongation factor-Tu® and c-H-ras oncogene
p21.% This may mean that the carboxyl group is superior
to the carbamoyl group as far as hydrogen-bond pairing
with guanine base is concerned. In order to investigate
this possibility under conditions involving the fixation of

m’G base by the stacking interaction with the Trp indole
ring, a spectroscopic comparison of the interaction of
Trp-Gly-Gly-Glu and Trp-Gly-Gly-GIln with m’G
base was carried out.

Experimental

Materials The peptides were synthesized by the usual liquid phase
peptide condensation technique and purified by gel chromatography on
Sephadex LH20 and by HPLC on an octadecyl! silica (ODS) column
(Capcell Pack CI8, Shiseido) as described in a previous paper.! 7-
Methylguanosine  5'-phosphate (m’GMP) and 7-methylguanosine
(m’Guo) were synthesized as formate salts from GMP and Guo,
respectively, according to Kamiichi et al.®

Spectroscopic Measurements Fluorescence spectra were measured
on a JASCO FP-770F spectrometer (Nihon Bunko) equipped with a
Hg-Xe arc lamp; a 10-nm slit and 1-cm path length were used. The
temperature of the sample solution was kept at 20°C by circulating
water at a constant temperature. The intensities of the emission spec-
tra excited at 290 nm were measured at a A, near 353 nm. The sample
preparation using 20mm Tris-HCl (pH=7.5) buffer, the fluorescence
experiments and the determination of association constants (K,) between
peptide and m’GMP pairs by means of the Eadie-Hofstee equation”
were carried out according to a previous publication.?

'H-NMR measurements were performed on a Varian XL-300 spec-
trometer (300 MHz for proton) at 20 °C. In order to monitor the chemi-
cal shift changes of C2 amino and N7 methyl protons of m’G base,
dimethylsulfoxide (DMSO)-ds was used as a solvent and the chemical
shifts were measured as differences from an internal standard, tetra-
methylsilane (TMS). Because of better solubility, m’Guo was used
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Hydrogen bonds are represented by dotted lines.
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instead of m’GMP. The determination of the association constants
from the chemical shift changes of m’Guo C2 amino and N7 methyl
protons®® by means of the Eadie-Hofstee equation were carried out
according to a previous publication.!

The 1:1 stoichiometry of the m’Guo-peptide interaction was
confirmed by the Job plot using the chemical shift change of m’Guo C2
amino and N7 methyl protons.!®

Each experiment was carried out three times and mean values
calculated.

Results and Discussion

It is well known that the fluorescence intensity of the
Trp indole ring decreases following a stacking interaction
with nucleic acid base.'? Thus, the fluorescence quench-
ing of the Trp residue in a peptide can be measured as a
function of m’GMP concentration. Figure 2 shows the
Eadie-Hofstee plots of m’GMP titration against 5um
peptide; the association constants obtained by least-
squares fitting are given in Table 1.

The results show that the degree of binding between
Trp-Gly-Gly-Glu and m’GMP is about three times that
of Trp-Gly—Gly—Gln. Since this difference is mainly due
to the interaction of the Glu/Gln residue with m’GMP,'?
it can be said that (a) the stacking interaction between the
N-terminal Trp and m’GMP is highly cooperative with
the interaction mode of the C-terminal residue with the
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Fig. 2. Eadie-Hofstee Plots of Trp Fluorescence Quenchings in

Trp-Gly-Gly-Glu (—O—) and Trp-Gly-Gly-Gln (—@—) as a
Function of m’GMP Concentration in Tris-HCI buffer (pH 7.5)

TABLE I. Association Constants (K,, M~ ') between m’G Derivatives
and Peptides Determined by Fluorescence and *H-NMR®

'H-NMR
Fluorescence
C2-NH, N7-CH,
m’GMP m’Guo
Trp-Gly-Gly-Glu 1.80(7) x 10*  2.4(2) x 107 6.9(5)x 10
Trp-Gly-Gly-Gln ~ 5.26(8) x 10> 1.3(2) x 10? 7.4(6) x 10

a) The standard errors are given in parentheses.

675

nucleotide and (b) the interaction of the nucleotide with
the Glu residue favours a stacking interaction more than
with Gln.

In order to consider the possible binding modes of
the two peptides with m’G base, the changes in m’G
C2 amino and N7 methyl proton chemical shifts were
examined as a function of peptide concentration. The
results are shown in Fig. 3, and the association constants
evaluated from the slopes of the respective Eadie-Hofstee
plots are listed in Table 1.

The C2 amino protons of m’Guo exhibited a downfield
shift proportional to the peptide concentration (Fig.
3a). This is generally accepted as an indication of the
participation of this amino group in hydrogen-bond
formation with the peptide acceptor group. The degree of
downfield shift is more pronounced for Trp-Gly-Gly-
Glu than for Trp—Gly—Gly-Gln, and this could be due
to the preferential hydrogen-bonding of m’GuO with
the C-terminal Glu rather than the Gln residue. Since
the carbamoyl NH, of the Gln side-chain also shifted
downfield upon interaction with m’Guo, the base pairing
shown in Fig. 1b could be possible in the case of Trp-Gly—
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Fig. 3. Eadie-Hofstee Plots of Chemical Shift Changes of m’Guo C2
Amino (a) and N7 Methy! (b) Protons as a Function of Peptide
Concentration in DMSO-d,

O, Trp-Gly-Gly-Glu; @, Trp-Gly-Gly-Gln.
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Gly-GIn. Concerning the hydrogen-bonding between
the Glu carboxyl group (pK,=3.86) and m’G base,
the hydrogen-bond pairing as shown in Fig. la would
certainly be most possible, as demonstrated by X-ray
crystallographic'® and NMR!* analyses of related
complexes, although no direct evidence was found in this
NMR experiment.!>

On the other hand, the N7 methyl protons exhibit an
upfield shift, depending on the peptide concentration
(Fig. 3b). This is mainly due to the ring current effect
produced by the m’G base-Trp indole ring stacking
interaction. The association constants obtained for both
peptides indicate nearly the same stacking behavior under
the solution conditions used, and are not large enough to
establish any interaction preference for either peptides
towards the guanine base; the discrepancy between this
and the fluoresence results could be due to the use of
different concentrations, different solvents used for the
measurements,’® and/or the overestimation by the fluo-
resence spectroscopy.!”

The present study clearly indicates the superior hydro-
gen-bond pairing ability of the Glu carboxyl side-chain
with respect to m’G base compared with the Gln car-
bamoyl chain, as well as the importance of its close in-
volvement with the Trp stacking interaction for base
recognition.
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